Introduction: The positive effects of worldwide increases in enactment of legislative bans on smoking in public areas have been well documented. Relatively little is known about the effects of such bans on voluntary home smoking behavior. Meanwhile, private spaces, such as homes, have replaced public spaces as the primary milieu of secondhand smoke exposure. Methods: A systematic search of peer-reviewed articles was conducted using multiple databases including Cochrane Library, Cinahl, Embase, Global Health, Health Star, Joanna Briggs, MEDLINE, PsycINFO, PAIS International, PubMed, and Web of Science. We examined peer-reviewed studies that considered the impact of legislation-based public smoking bans on enactment of private home smoking restrictions. Results: Sixteen articles published between 2002 and 2014 were identified and included. Our results suggest overall positive effects post-legislative ban with the majority of studies demonstrating significant increases in home smoking restrictions. Studies focusing on smoking and nonsmoking samples as well as child populations are discussed in depth. Conclusions: Existing evidence indicates an overall significant positive effect post-legislative ban on voluntary home smoking restrictions. While disentangling these effects over space and time remains a challenge, scientific research has converged in dispelling any notion of significant displacement of smoking into the home. Policy makers, especially those in countries without existing public smoking legislation, can rest assured that these types of bans contribute to the minimization of tobacco-related harm. Implications: Findings converge in dispelling notions of displacement of smoking into the home as a consequence of legislative bans that prohibit smoking in public spaces. Evidence from the studies reviewed suggests that through their influence on social norms, legislative bans on smoking in public places may encourage citizens to establish voluntary home smoking restrictions, thus decreasing harm related to secondhand smoke.
Introduction
Globally, smoking tobacco accounts for approximately 6 million deaths per year, a substantial number that includes more than 600 000 nonsmokers. 1 The detrimental effects of tobacco are known, as is the overwhelming cost associated with smoking, yet it remains the leading cause of preventable death worldwide. 1 Legislation banning or restricting where individuals can smoke has increased steadily over the past three decades. 2 One consequence of this increase
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has been the normalization of smoke-free public spaces such as worksites and restaurants. In turn, private venues (eg, homes and cars) have generally replaced public spaces as the primary milieu of secondhand smoke (SHS) exposure. [3] [4] [5] [6] [7] The objective of this review has been to understand how the enactment of legislative (public) smoking bans or restrictions affect voluntary home smoking bans in private residences.
SHS, also known as passive smoke, involuntary smoke, tobacco smoke pollution, or environmental tobacco smoke, is the combination of contaminants released during the process of smoking a cigarette. 8 SHS can be broken down into smoke emitted from the cigarette between puffs of burning tobacco known as "side stream smoke" (~85%) 9 and smoke exhaled from the smoker known as "mainstream smoke" (the remaining 15%). 10 SHS is considered the third leading cause of preventable disease, disability, and death worldwide. 11 It has also long been known to be associated with adverse health effects for nonsmokers, such as cardiovascular disease, acute respiratory illness, low birth weight in babies of nonsmokers, morbidity and mortality in children, and multiple types of cancer. 4, [12] [13] [14] There is no safe level of SHS exposure, even minimal exposure to SHS is harmful. 8, 15 The negative effects of smoking within the home go beyond the immediate health risks of exposure to SHS. Children living with an adult smoker are up to twice as likely to take up smoking themselves. 16, 17 In contrast, smokers living in a smoke-free home exhibit increased cessation attempts, longer time to relapse, and lower consumption. 18 For young adults, smoke-free homes moderate the effects of friends' smoking on their smoking behavior and increase their likelihood of seeking smoke-free residences when leaving home. 19 While research on the effectiveness of smoke-free legislation on exposure to SHS has been mostly positive, it has not always been straightforward. Published in 2010, a review paper by Callinan et al. 2 consolidated 50 articles published before July 2009 and found reduced SHS exposure for a large portion of the population in public spaces. Callinan et al. 2 reported no change in either the prevalence or duration of reported exposure to SHS in the home as a result of implementing legislative bans. This presents a challenge, especially given how much time is inevitably spent within private residences each day. 20 However, SHS exposure in the home was only a secondary objective of the Callinan et al. 2 review and only 30% of the included studies measured exposure to SHS in the home. Indeed, research concerning public smoking bans did not initially focus on the effects of bans on smoking behaviors within private residences. 21 Over time, however, two main theories have been suggested to address the potential "spillover effects" of macro-environments (eg, public smoking policies) on micro-environments (eg, home smoking policies): social diffusion and displacement. 7 Social diffusion posits that restricting smoking in public spaces leads to increases in voluntary home smoking bans or restrictions. 22, 23 This theoretical model encompasses ideas such as social norm and behavioral susceptibility theories. [24] [25] [26] Social norms influence social behavior through perceptions of what is "normal" or "typical." Smoke-free legislation may alter social norms by decreasing visibility and perceived acceptability of smoking in public venues and lead people to change their beliefs, awareness, attitudes, and practices concerning smoking. 26, 27 Behavioral susceptibility theory argues that if a given behavior becomes inconvenient or difficult, this behavior will gradually decline. 27, 28 Indeed, research demonstrates that smoking restrictions in public places inform people about current social norms toward smoking, and that greater perceived social unacceptability is associated with reduced cigarette consumption. 26 A second, somewhat more pessimistic, theoretical model is that of displacement or last refuge which posits that smoking bans in public places will displace smoking behaviors to private places, like homes, and will produce undesired effects such as increased SHS exposure for nonsmoking family members. 3, 29 This is especially concerning for children, who are more vulnerable to the effects of SHS. 5, 30, 31 In the United States, in 2010, approximately 98% of children living with a smoker, compared to 40% not living with a smoker, had cotinine levels (a metabolite of nicotine which has a longer half-life than nicotine) above .05 ng/mL, indicating SHS exposure. 32 Cotinine levels in children are predicted by the number of cigarettes smoked inside the home. 32, 33 This is particularly problematic because under most circumstances children do not have a choice as to whether or not they are exposed to SHS within their home environment.
To date, findings have been inconsistent with regard to the effects of public smoking bans on voluntary home smoking restrictions but most support a social diffusion model. 2, 22, 23, 29, [34] [35] [36] [37] [38] [39] [40] Nevertheless, some findings suggest that smoking bans may have negative repercussions. 4, 41, 42 The relationships between private and public spaces with regard to smoking bans and behavior have been found to be complex and have been said to "demand[] more consideration if interventions in public areas are meant to serve as catalysts for favorable changes in primary private spaces such as homes." 20, p.2 This review aims to determine the overall effect of the enactment of legislative (public) smoking bans or restrictions on voluntary smoking restrictions in private residences as well as to evaluate the current status of the literature and the strength of evidence for and against diffusion and social displacement models.
Methods
Literature Search Strategy and Study Selection
In August 2014, a systematic literature search was undertaken by the lead author using keyword searches in multiple electronic databases including: Cochrane Library, Cinahl, Embase, Global Health, Health Star, Joanna Briggs, MEDLINE, PsycINFO, PAIS International, PubMed (excluding Medline), and Web of Science. The following terms and keywords were combined using database-specific search strategies: tobacco use disorder; tobacco use; tobacco consumption; adolescent smoking; parental smoking; smoking habit*; maternal smoking; paternal smoking; parental smoking; nicotine; tobacco smoke; cigarette smoking; tobacco smoke pollution; smoking; tobacco use cessation; smoking cessation; tobacco dependence; tobacco products; smokeless tobacco; indoor air pollution; passive smok*; secondhand smoke; second-hand smoke; second hand smoke; environmental tobacco smoke; involuntary smok*; anti-smoking; antismoking; smoke-free policy; legislation; legislative processes; drug laws; ban, bans; legisl*; restrict*; prohibit*; policy, policies; law, laws; household*; home, homes; condos, condominium*; dwelling*; residence*; private places. A full appendix of search terms and strategies employed for each database can be made available by the authors.
After duplicate references were removed, titles of articles were screened and references were discarded if they did not relate to public smoking bans. Both authors independently screened and reviewed the titles and abstracts of remaining references to identify whether articles were relevant and met the inclusion criteria. The full text was obtained for all articles where clarification was needed with regard to study design or outcomes of interest. This search was further supplemented by hand-searching reference lists from included studies and relevant journals such as Addiction, Nicotine and Tobacco Research, and Tobacco Control, through forward citation tracking, and through "related article" searches on Google Scholar.
Inclusion and Exclusion Criteria
We included English language peer-reviewed articles that examined the impact of legislation-based smoking bans or restrictions on enactment of private home smoking bans or restrictions. Legislative bans included those implemented at a local, regional, or national level which either banned smoking completely (comprehensive) or restricted it to designated areas (partial). Comprehensiveness of the bans was assessed using the same criteria as Callinan et al. 2 whereby bans prohibiting smoking in indoor workplaces, including bars and restaurants, were categorized as comprehensive legislation, regardless of exemptions in particular settings such as prisons or mental health institutions. Partial bans are less restrictive and were categorized by legislation allowing designated smoking areas in indoor workplaces, including bars and restaurants. Articles that included setting-based bans, such as workplaces, where smoking has been partially or comprehensively restricted, though not necessarily as a result of municipal, state-level, or national legislation, were excluded. In order to ensure valid assessment of home smoking restrictions, only studies that specifically used terms such as "allowed," "permitted," or "restricted/ restrictions" with regard to smoking in the home were included. After the abstracts were sifted, outcome variables for all potential articles were specified in a table (not shown) and compared for consistency of terminology. For studies comparing pre-and post-legislation outcomes and a control group (no legislative change), only pre-and postlegislative samples were examined. While certain study findings were derived from the same datasets, the outcomes measured differed, and as such are separately reviewed within the results section.
Given that longitudinal studies of population-based samples are one of the best ways to examine the process of change in smoking behaviors, articles were excluded if they did not include at least one pre-ban timepoint and at least one follow-up post-ban. 43 Studies were not excluded on the basis of participant smoking status (ie, smokers only, nonsmokers, and both) or age (eg, child sample included). Publications were not excluded on the basis of publication date. Finally, meta-analysis was not possible due to the heterogeneity in study design, participants, outcomes, and nature of the intervention. 44 
Critical Appraisal of Studies
Critical appraisal of the methodology of identified studies was undertaken independently by both authors. Specifically, the validity and suitability of the methods employed, outcome measures, and risk of bias due to response rates, inadequate sample size, and potential confounding variables were assessed for each study. 45 Results of the critical appraisal were compared and, when necessary, discussions between the both authors were undertaken until consensus was reached.
Results
A full breakdown of the article identification and selection procedure for this review is outlined in Figure 1 . The electronic database search yielded 7141 potential articles, of which 4423 were duplicates. A further 2380 were excluded on the basis of title and abstract. Full texts for the remaining 338 articles were retrieved. After evaluation of full text, 14 references remained and an additional two articles were identified through hand-searching of relevant journals and through forward citation tracking. 
Quality of Included Studies
All studies clearly stated a research question/objective and specified a population of interest. Each study also consistently applied inclusion and exclusion criteria, recruited participants from the same or similar populations over consistent time periods, and adjusted for key potential confounding variables.
None of the included studies demonstrated limitations which wholly compromised their results to the point where exclusion was necessary. Still, the studies included in this review are not without their limitations; all studies introduced certain risk of bias. For example, one study 49 had a participation rate below 50% at the first wave data collection and another 39 had participation rates below 50% at both timepoints. Low participation rates create potential risk of bias and may mislead readers to conclude (erroneously) that a sample may be generalizable when, in actuality, it does not adequately represent the target population.
Some studies did not provide sample size justifications or power descriptions within their results but in each case authors did draw attention to this specific limitation. 36, 40, 48, 49 Finally, loss to follow-up was above 20% in certain cohort studies. 20, 36, 39, 47, 54 Due to these limitations, readers should be cautious in interpreting the results of some of the included studies. However, using the appraisal tool's criteria, the quality of all of the studies was considered sufficiently high for inclusion and similar enough to be comparable.
Effects of Smoking Legislation on Home Smoking Restrictions
Six studies reported general population trends in home smoking restrictions before and after implementation of a legislative public smoking ban. 30, 46, 49, [51] [52] [53] All studies either reported overall significant positive effects post-legislative ban (ie, social diffusion) or no significant differences pre-and post-legislation. 20, 29, [35] [36] [37] 39, 40, [46] [47] [48] [49] [50] [51] [52] [53] [54] For example, a study by Guzman et al. 49 reported on cross-sectional analysis of participants surveyed before and after a statewide smoke-free law enacted in the summer of 2010 and found that participants with smoking restrictions in their homes increased significantly from 74% to 79.6% (p = .04). No studies reported an overall significant decrease in home smoking restrictions (ie, displacement of smoking into the home) after legislation was enacted although some studies did report smokers who had started smoking within the home after the smoking ban. 20, 36 Nevertheless, these studies also reported that considerably more smokers ceased smoking within the home after the enactment of legislation. For example, a study by Biener et al. 36 reported, in a generalizable sample of Massachusetts smokers, that 10.1%, 95% confidence interval (CI) [4.9, 19 .4] of the sample started smoking at home but twice as many individuals (ie, 20.3%, 95% CI [12.0, 32.4] ) stopped smoking at home after a ban was implemented in Boston.
Smokers versus Nonsmokers
Three studies reported results that contrasted populations of both smokers and nonsmokers. 39, 52, 54 One of the three studies further analyzed subsamples of their nonsmoking population broken down by whether or not they lived with one or more smokers. 52 Similarly, an additional study of nonsmokers compared individuals who lived in homes with and without smokers. 29 Five studies looked at only nonsmoking participants, 29, 35, 40, 48, 50 of which three were focused on children 35, 40, 50 and one on mothers whose spouse was a smoker. 48 Three studies specifically looked at smoking populations, 36,37,47 of which one defined smokers at baseline only. 36 One study included smokers and ex-smokers. 20 All studies comparing smoking and nonsmoking subsamples (n = 3) 39, 52, 54 found that smokers were less likely to have smoking restrictions before the ban and after the ban, but that regardless of smoking status, restrictions increased pre-to post-legislation. However, two studies did not specifically mention if their findings were statistically significant. 39, 52 Another study found that while bans on smoking in homes increased significantly for nonsmokers shortly after a first public smoking ban for workplaces was enacted, smokers only demonstrated a significant increase in home smoking bans after the second timepoint (ie, after smoking was banned from bars, taverns, gaming clubs, and bar areas of restaurants). 54 Gilpin et al. 52 found that after a first comprehensive statewide law mandating clean air in indoor workplaces (excluding hospitality sectors), nonsmokers and smokers reported similar increases in complete home smoking bans, but after a second comprehensive ban, smokers continued to increase in their uptake of home smoking restrictions, while nonsmokers continued to adopt home smoking restrictions but to a lesser degree than after the first ban.
Two studies included within this review compared nonsmoking populations based on whether or not they lived with one or more smokers. 29, 52 These studies also confirmed that homes with one or more adult smoker were less likely to have a home smoking ban prior to legislation and post-legislation (as reported by a nonsmoker within the home). 52 Additionally, participants from homes where all adults smoked reported even fewer home smoking restrictions than those from homes with at least one adult who smoked. The latter also showed larger increases in home smoking bans after the first comprehensive ban was put in place (17.5%) than after the second comprehensive ban (16.3%), while children living in homes where all adults smoked showed continued large increases after the first (18.2%) and the second (20.8%) bans. 52 In contrast, a study by Haw et al. 31 found that, after enactment of a legislative ban, nonsmokers living in smoking homes had almost double the increase in complete home smoking bans (10.3%) compared to nonsmokers living in nonsmoking homes (5.8% increase).
Of the studies under review focusing solely on nonsmoking individuals (n = 5), 29, 35, 40, 48, 50 all demonstrated significant increases in home smoking restrictions pre-to post-ban. In contrast, of the four studies that specifically concentrated on individuals who smoke (including one study that also included ex-smokers), 20, 36, 37, 47 only one reported a significant increase in home smoking restrictions postban. 37 When contrasted to a similar (control) area without a ban, similar significant decreases were demonstrated for percentage of homes that allowed smoking pre-and post-ban. 39 Moreover, the one study that combined smokers and nonsmokers but controlled for smoking status also failed to report significant findings.
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Evidence From Child Studies Three studies specifically focused on self-reported home smoking restrictions by children and youth aged 4-15 years. 35, 40, 50 All studies looked exclusively at nonsmoking school-aged children before and after enactment of comprehensive national level smoke-free legislation.
Regardless of parental smoking status, Akhtar et al. 35 found that 10-11 months after implementation of smoke-free legislation, less students reported "no restriction" at home (pre 18.5%, 95% CI [16.0, 21.3]; post 14.2%, 95% CI [12.1, 16.5]). They also found that after adjusting for age, the type of home smoking restriction (none, partial, or complete) was associated with not only the survey year (pre-or post-legislation), but also the number of parents who smoked and family affluence. Furthermore, households with children and only a father who smoked were more likely to have a complete home smoking restriction than homes with children where only a mother smoked or where both parents smoked. In contrast, a study by Jarvis et al. 40 found that while the percentage of nonsmoking households with nonsmoking parents remained stable (and ˃95%), homes with smoking parents reported significantly more smoke-free homes post-legislation than before the ban took place. This was found despite the fact the number of smoking parents pre-and post-legislative ban remained stable (ie, no statistically significant decline). Regardless of parental smoking status, the effects of the legislative ban also seemed to take some time before affecting behavior; indeed, pre-and post-ban data show a stall in increases to the number of home smoking restrictions looked at pre-and post-legislative home smoking restrictions in Scotland, Wales, and Northern Ireland. Across the three regions, full restrictions in the home increased (51.9% pre to 55.1% post) and the number of homes that permitted smoking indoors decreased (16.8% pre to 12.7% post). However, among children of smokers, full smoking restrictions only increased by 1%. Decreased risk of unrestricted smoking remained significant after adjustment for parents' smoking status in Scotland and Northern Ireland, but not in Wales where decreased risk of unrestricted smoking failed to reach significance. 50 One study of adults looked at how the presence of a child in a residence affected rates of smoking restrictions in the home. 52 Homes where all adults smoked had fewer restrictions than homes with at least one adult smoker or all households with children regardless of smoking status. Homes with all adults smoking increased in home smoking restrictions from 13.5% (pre-legislation concerning smokefree workplaces) to 31.7% and again to 52.5% (after legislation was extended to include restaurants and bars), while homes with at least one adult smoker increased from 33.1% to 50.6%, and again to 66.9%, and overall homes with children increased from 59.7% to 73.9% and again (after legislation was extended) to 82.2%.
Discussion
This review both extends and refines previous work by Callinan et al. 2 who summarized the general effects of public smoking legislation on SHS exposure, including, as a secondary outcome of interest, home smoking restrictions. Certain articles found within Callinan et al. 2 were not included in our review due to our more stringent criteria for outcomes under consideration, which specifically focused on home smoking restrictions instead of general SHS exposure. Only five of the studies that Callinan et al. reviewed were included in the present review. 29, 36, 37, 39, 52 Of the studies included in this review but not in Callinan et al.'s, 10 were published after their final literature search was conducted in July 2009 20, 35, 40, [46] [47] [48] [49] [50] [51] 54 and one was published prior. 53 Overall, the Callinan et al. 2 article found no effect of legislative bans on home smoking restrictions. In contrast, this review establishes that the benefits of public smoking bans (ie, statistically significant increases in home smoking restrictions) greatly outweigh undesirable consequences.
Overall, results from the studies included in the present review revealed that the number of voluntary home smoking restrictions either increased or remained stable across all studies, thus providing support for the continued enactment of legislative public smoking restrictions. Results support the conclusion that a major anticipated drawback of smoke-free legislation (ie, displacement from public places into the home) is not occurring. Continuing to anticipate displacement of smoking into the home as a consequence of the enactment of public smoking bans might actually do more harm than good by hindering the benefits of public smoking bans such as reduced SHS in public venues and healthcare savings for governments and individuals. 55 Studies contrasting smokers and nonsmokers revealed that despite the known benefits of smoke-free homes, current smokers are much more likely to allow smoking in the home both prior to and after the enactment of legislative smoking bans. 39, 52, 54 Studies that focused specifically on smoking populations also reported fewer significant increases in the number of home smoking restrictions. While this may be unsurprising, the studies that contrasted smokers and nonsmokers also revealed that regardless of smoking status, home smoking restrictions increased after legislative bans were enacted. Findings also suggested that the progression to voluntary home smoking restrictions may vary based on smoking status: Individuals who smoke may take longer to adopt home smoking bans and may only change their behavior in response to harsher restrictions. 52, 54 Perhaps with time, legislative smoking bans hasten or promote normalization of negative stigma associated with smoking and SHS exposure, particularly when it comes to private residences, eventually encouraging smokers to enact these changes voluntarily within the home.
The studies under review focusing on nonsmoking individuals all demonstrated significant increases in voluntary home smoking restrictions pre-to post-ban. 29, 35, 40, 48, 50 This finding, in favor of diffusion, is important given that nonsmokers are the individuals who suffer most from the health consequences of SHS exposure and are the primary concern of policy makers who seek to avoid potential displacement of smoking into the home post-legislation. Three of the five studies focused specifically on nonsmoking populations used samples of children exclusively. 35, 40, 50 Results remain noteworthy given that, again, they confirm a lack of evidence for significant displacement of smoking into the home after legislation is enacted.
Children have been hypothesized to be the most vulnerable population affected by SHS because they do not have the same agency as adults with regard to exposure to smoke, particularly if their parents are smokers. This review found no evidence of displacement of smoking into the home within the studies focused on child samples. In fact, the studies included supported the theory of diffusion and the argument that the benefits of smoking legislation in public places is extending into the homes of children whose parents smoke. This finding was echoed in samples of adult populations where individuals living with children reported that they were more likely to establish home smoking bans after legislation had been implemented. 52 This review is not without limitations. With the exception of one subsample with biochemical verification, the studies reviewed only took into consideration self-report measures which may have resulted in underestimation of smoking behaviors due to recall bias and perceived social desirability. 47 Still, previous research has found self-reports of SHS exposure to be strongly correlated with other biological markers of SHS such as ambient nicotine measurements. 56, 57 A second limitation was that certain studies lacked clarity in reporting results (eg, not explicitly stating if results were statistically significantly different pre-and post-ban 36, 39, 46 or relying on small figures to demonstrate differences 52 ). Half of the studies did not mention missing data. 36, 40, [46] [47] [48] [49] 53, 54 Without transparency about missing data, there is a potential for bias and other issues of coverage and generalizability. An additional limitation of this review is the exclusion of grey literature which may have introduced possible publishing bias whereby published literature is more likely to have statistically significant results compared to grey literature. 43, 58 Changes in smoke-free legislation have occurred in parallel to an overall decline of smoking prevalence in Western societies and a corresponding rise in smoke-free homes. 18, 20, 39 As a result, it has been suggested that this trend toward decline may explain a portion of the changes observed after a public smoking ban is enacted. 36 For example, Kairouz et al. 20 state that the ban under examination was one of many governmental actions being introduced concurrently meant to reduce nonsmoker exposure to SHS, any of which may have also had an effect on the results observed. Indeed, without a full understanding of the complete context in which these studies take place, it remains an ongoing challenge to tease apart changes as a result of public smoking bans from other potentially salient factors that occur over time.
Given the relatively homogenous geographic and cultural scope of the included studies (ie, mostly Western countries), investigating the consequences of legislative smoking bans on home smoking behaviors in non-Western and developing countries is an important next step. Even with a 16% increase global coverage between 2010 and 2012 alone, the World Health Organization reported that as of 2013 at least 81, mainly developing, countries have yet to see any introduction of smoke-free policy. 12 Given the promising implications of findings highlighted within this review, policy makers worldwide should feel encouraged to continue pushing forward public smoking bans at a legislative level.
Future research should also examine the various pathways and progressions to voluntary home smoking restrictions in more depth. Findings from this review indicate that public smoking legislation may elicit differing responses based on individual factors (eg, smoking status) and that results may vary depending on the time frame under examination. Moving forward, studies concerning voluntary home smoking restrictions need to keep these compositional and contextual factors in mind. Furthermore, extending methodology to include biochemical markers of SHS could strengthen the reliability of literature on this topic and research should look for potential avenues to broaden areas of interest to include e-cigarettes and marijuana use. In summary, while disentangling these effects over time and space remains a challenge, existing research on home smoking restrictions following enactment of public smoking legislation indicates overall significant positive effects post-legislative ban.
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